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abstract: Secretory granules of the subventral esophageal glands of Heterodera glycines showed considerable 
changes in morphology soon after penetration and following initiation of syncytia in soybean roots. Within 3 
hr after inoculation, the moderately dense secretory granules, usually found in subventral gland cells and their 
extensions, became electron-transparent except for small electron-dense residues within the secretory granule 
membranes. In samples taken 18 hr after inoculation and beyond, subventral gland extensions of parasitic 
second- and third-stage juveniles contained small, electron-dense secretory granules. The subventral glands were 
also characterized by the presence of moderate to very large flocculate secretion bodies within a dense matrix 
of rough endoplasmic reticulum, mitochondria, and Golgi apparatus. The activity of the Golgi apparatus was 
directly related to the formation and accumulation of condensing vesicles that appeared to merge with each 
other to form the larger secretory granules occurring in the subventral glands of parasitic stages of the nematode. 
The large flocculate secretion bodies were observed as early as 10 hr after inoculation and contrasted with the 
dense cytoplasm of the subventral glands observed 6 days after inoculation. The synthesis, assembly, accu¬ 
mulation, and transport of secretory granules within the subventral glands of the soybean cyst nematode appeared 
to change during parasitism. 
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Subventral and dorsal glands are prominent 
features of the esophagus of tylenchid nema¬ 
todes. Secretory granules formed in these glands 
are of major interest in understanding host-par¬ 
asite interactions of plant-parasitic nematodes of 
major crop plants (Bird, 1968a, b, 1969; Rum- 
penhorst, 1984; Wyss et al., 1984; Hussey, 1989a; 
Endo, 1991). The extensions of the subventral 
glands in second-stage juveniles (J2) of the root- 
knot nematode, Meloidogyne javanica, accu¬ 
mulate secretory granules shortly before hatching 
and the granules change in morphology within 
1-3 days after entry into the host. Meanwhile 
there was a 3-fold enlargement of the dorsal and 
subventral glands (Bird, 1967). These studies 
stimulated interest in esophageal gland struc¬ 
ture-function relations in other species of en- 
doparasitic nematodes. Changes in morphology 
of secretory granules in the dorsal esophageal 
gland occur between preparasitic and parasitic 
J2 stages of development in the cyst nematode, 
Heterodera glycines. Secretory granules in dorsal 
glands of parasitic J2 varied substantially in size 
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and electron density from small moderately elec¬ 
tron-dense secretory granules to large low-den¬ 
sity secretory granules as feeding occurred (Endo, 
1987). Previous work on M. javanica (Bird, 1967, 
1975; Bird and Saurer, 1967) and in vivo ob¬ 
servations of Heterodera schachtii (Wyss, 1992) 
emphasize that subventral glands play an active 
role in the parasitic behavior of these and related 
nematodes. This study emphasizes the changes 
in morphology of secretory granules of subven¬ 
tral esophageal glands and their sites of synthesis 
and modification during the infection of soybean 
by the soybean cyst nematode. 

Materials and Methods 

Preparasitic and parasitic stages of H. glycines in 
infected soybean (Glycine max) roots were prepared 
for electron microscopy by previously described pro¬ 
cedures (Endo and Wergin, 1973; Wergin and Endo, 
1976; Endo, 1978). Seedlings of susceptible and resis¬ 
tant cultivars were raised in vermiculite and inoculated 
with infective juveniles (J2) of the soybean cyst nem¬ 
atode. The J2 and nematode-infected root segments, 
sampled systematically from 3-hr through 8-day in¬ 
tervals after inoculation from several experiments, were 
fixed in buffered 3% glutaraldehyde (0.05 M phosphate 
buffer, pH 6.8) at 22°C for 1.5—4 hr; washed for 1 hr 
in 6 changes of the same buffer; postfixed in 2% os¬ 
mium tetroxide in the same buffer for 2 hr; dehydrated 
in an acetone series; and infiltrated with a low-viscosity 
resin (Spurr, 1969). Silver-gray sections of selected 
nematodes and root tissues were cut on an ultramicro¬ 
tome with a diamond knife and mounted on uncoated 
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75 x 300-mesh copper grids. The sections were stained 
with uranyl acetate and lead citrate and viewed in a 
Philips 301 or 400T electron microscope operating at 
60 kV with 20-^m objective aperture. 

Results 

In this study, the ultrastructure of the subven- 
tral glands ofthe preparasitic J2 (Fig. 1 and inset) 
provides a basis for comparison of changes that 
take place in these organs after host penetration 
and establishment of second- and third-stage ju¬ 
veniles (J2 and J3) as parasites in susceptible and 
resistant root tissues. 

J2 preparasitic stage 

The subventral gland cells of preparasitic J2 
had distinct nuclei and nucleoli and numerous 
Golgi bodies, mitochondria, and rough endo¬ 
plasmic reticulum (RER) (Fig. 1). Sections 
through the Golgi apparatus in subventral glands 
showed secretory granules that apparently orig¬ 
inated from stacks of cistemae (Fig. 1 inset). The 
matrix of the secretory granules in the gland cell 
was moderately electron-dense and contained a 
particulate electron-dense region. 

J2 parasitic stage 

Within 3 hr after penetration, many of the 
secretory granules in the gland extensions be¬ 
came electron-transparent except for the small 
electron-dense cores (Fig. 2). Secretory granules 
in the central region of the gland cell appeared 
moderately electron-dense, while others near the 
nucleus had lower electron density (Figs. 3-5). 
Golgi bodies were often located near the nucleus 
of the subventral gland and adjacent to the nu¬ 
clear membrane (Figs. 3-5). However, Golgi 
bodies can occur throughout the central body of 
the cell (Fig. 4). Within 5 hr after inoculation of 
the resistant cultivar Pickett, secretory granules 
and related Golgi within the subventral gland 
were quite extensive (Figs. 6-8). As in the sus¬ 
ceptible reaction, secretory granules in the am¬ 
pullae were partially depleted of their contents 
(Fig. 6). There was a wide range of secretory 
granule morphology and content (Fig. 7) of gran¬ 
ules accumulated in anterior region of the gland 
cell. 

At 18 hr after inoculation of susceptible or 
resistant cultivars, secretory granules in the sub¬ 
ventral gland extensions of J2 were small and 
electron-dense and had fine particulate contents. 
The electron-dense secretory granules in the am¬ 
pulla of a J2 feeding on an initial syncytial cell 
of the resistant cultivar Bedford (Figs. 9, 10) are 


similar to secretory granules in subventral gland 
extensions and ampullae of J2 within susceptible 
cultivars. 

The subventral glands of a parasitic J2, 2 and 
3 days after inoculation, contained gland cells 
with nuclei, large flocculent secretion bodies, and 
smaller secretory granules. The electron-dense 
granules in the gland cell were similar in mor¬ 
phology to the secretory granules observed near 
the valves in the ampullae of the gland extension 
(Figs. 11, 13). Compared to these small electron- 
dense granules, the large flocculent secretory 
bodies (FSBs) within the subventral gland cell 
were electron-translucent and appeared to be 
confined to the cell body (Fig. 12). Most nema¬ 
todes at this stage of development were well es¬ 
tablished at feeding sites where the nematode 
stylet was inserted or had access to a syncytium 
induced by the nematode. 

At 4 days after inoculation, a nematode near 
a transitional stage of development, usually just 
prior to molt, showed subventral gland valves in 
open positions (Fig. 14) filled with material sim¬ 
ilar in density to contents of the secretory gran¬ 
ules. The gland cell contained large flocculate 
secretion bodies, Golgi apparatus, mitochondria, 
and RER (Fig. 15). 

J3 parasitic stage 

At 5 days after inoculation, the J3 stage was 
recognized by the presence of the molted J2 cu¬ 
ticle. A section through the nerve ring of a J3 
showed accumulations of subventral and dorsal 
gland secretory granules within their respective 
gland extensions (Fig. 16). The subventral gland 
secretory granules were relatively small and 
markedly different from the larger, moderately 
electron-dense secretory granules of the dorsal 
glands. 

At 6-8 days after inoculation, parasitic J3 con¬ 
tained secretory granules in various stages of for¬ 
mation. At 6 days after inoculation, the subven¬ 
tral glands had FSBs (Fig. 17). At 8 days after 
inoculation, open subventral gland valves (Fig. 

19) were filled with electron-dense contents that 
indicated the active role of the subventral glands 
in producing secretory granules. Similar expand¬ 
ed valves were observed in a J2 during host pen¬ 
etration at 5 hr (Fig. 18) and at the beginning of 
molt of a J2, 4 days after inoculation (Fig. 14). 

Discussion 

Defining a role for the subventral esophageal 
glands and their products in plant-parasitic 
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Figure 1. Longitudinal section through a subventral gland of a preparasitic J2 of Heterodera glycines showing 
electron-dense secretory granules (SG) and Golgi apparatus (GA) sites near the membrane of the gland nucleus 
(N) and other regions of the gland. Some secretory granules have electron-dense matrices ( -»). Me, mitochondria; 
Nu, nucleolus. Inset shows enlargement of a Golgi apparatus (GA) and the transition from condensing vesicles 
(CV) to the larger secretory granules (SG). 
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